Nine undescribed caged polycyclic polyprenylated acylphloroglucinols (PPAPs), including adamantane type PPAPs (1-2), and homoadamantane type PPAPs (3-9), were isolated from the fruits of Garcinia multiflora, along with three known analogues. A new epimeric pair of isohypersampsonone B (5) and epiisohypersampsonone B (6), featuring an unusual hexahydrofuro[2,3-b]furan-diepoxy ring system fused in a homoadamantane skeleton, was not separated due to the rapid equilibration between the two isomeric forms. All new caged PPAPs (1-9), sharing a common isogeranyl group, were determined on the basis of comprehensive NMR and MS spectroscopic data. Their cytotoxicity against three human tumor cell lines (SGC-7901, HepG2, HCT-116) and the nitric oxide production inhibitory activity of lipopolysaccharides-stimulated RAW 264.7 cells were tested. Compounds 8 and 12 displayed mild cytotoxicity against three human cancer cell lines with IC 50 values of 10-20 mM. Furthermore, compounds 8 and 12 also exhibited NO production inhibitory effect with an IC 50 value of 18.24 and 12.50 mM respectively.
Introduction
Fruits, fruit rinds, owers, leaves, barks and stems originating from the genus Garcinia plant have been used as traditional medicine.
1 They have received considerable attention from the scientic community for their powerful capacities to produce structurally fascinating and pharmacologically active polycyclic polyprenylated acylphloroglucinols (PPAPs), such as garcinol, 2 xanthochymol, 3 isoxanthochymol, 3 cycloxanthochymol, 3 etc. PPAPs with highly oxygenated acylphloroglucinol-derived cores are substituted with one or more prenyl or geranyl side chains. Up to now, more than 400 PPAPs have been isolated from nature, of which the majority are bicyclic polyprenylated acylphloroglucinols (BPAPs) with a bicyclo[3.3.1]nonane-2,4,9-trione core. Caged PPAPs are a subclass of PPAPs containing the adamantane and homoadamantane skeleton, most of which are isolated from Hypericum species, especially from H. sampsonii. However, caged PPAPs are rarely reported from Garcinia plants. 4 Garcinia multiora Champ. is a traditional Zhuang medicine widely distributed in the south of China. Its fruits are edible consisting of vitamins, proteins, and minerals, but may also provide pharmacologically active compounds. 5 Previous phytochemical investigations on the fruits led to isolation of seven new PPAPs with anti-inammatory activity, including two caged PPAPs garcimultiorone D and G. [6] [7] [8] Taken together, these results prompted us to investigate the isolation of further caged PPAPs form G. multiora and evaluate their biological activities. As a result, nine undescribed caged polycyclic polyprenylated acylphloroglucinols (PPAPs), including adamantane type PPAPs (1-2) and homoadamantane type PPAPs (3) (4) (5) (6) (7) (8) (9) were isolated from the fruits of G. multiora, along with three known analogues. Herein, we report the isolation, structural elucidation, and biological activities of these isolated compounds.
Result and discussion

Structural elucidation of isolated compounds
Compound 1 was isolated as colorless, amorphous powder. Its molecular formula was determined to be C 38 C NMR data, aided by a HSQC experiment, disclosed the presence of 38 carbon signals, including nine methyl groups, ve methylene groups, 11 methine groups (7 olenic carbons), and 13 quaternary carbons. The characteristic resonances of three nonconjugated carbonyl groups at d C 203.0 (C-2), 204.4 (C-4), 203.7 (C-9), four quaternary carbons at d C 83.7 (C-1), 74.3 (C-3), 69.7 (C-5), 56.7 (C-8), two methine groups at d C 47.1 (C-7) and 57.9 (C-32), and a methylene group at d C 44.9 (C-6) indicated that the molecule consists of an adamantane skeleton. In comparison of its 1 H and 13 C NMR data with those of garcimultiorone D, 6 an adamantane type PPAPs from the same plant, suggested that their structures were closely related, except that the diagnostic difference of chemical shis at d C 57.9 (C-32), 62.8 (C-33), and 58.9 (C-34) for 1 and d C 51.1 (C-32), 60.7 (C-33), and 61.1 (C-34) for garcimultiorone D. The data indicated that 1 was 33-epimer of garcimultiorone D. According to the literature, 9 the chemical shi of C-34 was about 58 ppm in (33S)-congured 33,34-epoxide adamantane type PPAPs while in the spectrum of (33R)-congured derivatives the chemical shi of C-34 was about 62 ppm. This rule has been used to determine a number of the congurations of C-33 of 33,34-epoxide adamantane type PPAPs, which was supported by the chemical transformations and calculated ECDs. Thus, the conguration of C-33 of 1 was determined as to be S. The relative congurations at the chiral centers C-1, C-3, C-5, and C-7 were obvious for the adamantyl core. Furthermore, H-32 was determined as a-oriented based on NOE correlations of Me-38/ H-6a, Me-37/H-32 in the ROESY spectrum. According to the literature, 4 the name gracimultiorone D seems to have been given to two different compounds. Their structures of 1 and sampsonione J were closely related except for the isogeranyl group at C-5 in 1 instead of a geranyl group at C-5 in sampsonione J and the different conguration of C-33. In order avoid to confusion, it is the best way to name 1 as epi-isosampsonione J.
Compound 2 was obtained as an amorphous powder. .0 3, 7 ]tridecane skeleton which was the same as those of hyperisampsins A-D.
10
Comparison of the 13 C NMR data of 2 with that of hyperisampsin C revealed that two compounds were similar except for the presence of an isogeranyl group at C-5 in 2 instead of a geranyl group in hyperisampsin C. The constitution of 2 was conrmed by HMBC correlations between H 2 -22 and C-5 (d C 68.2) and C-9 (d C 201.9). The relative conguration of 2 was established as the same that of hyperisampsin C by ROESY spectrum. Thus, compound 2 was established and named isohyperisampsin C. Compound 3 was isolated as colorless amorphous powder. Its molecular formula was determined by its (C-7) and 57.9 (C-33), and two methylene groups at d C 48.0 (C-6) and 28.2 (C-32). Fig. 1 and was named garcimultinone A.
Compounds (5) and (6) were assigned as depicted in Fig. 1 and were named isohypersampsonone B and epi-isohypersampsonone B, respectively. We tried to isolate the epimeric mixture by HPLC. However, it was unsuccessful for the isolation of isohypersampsonone B and epi-isohypersampsonone B due to the rapid equilibration between the two isomeric forms. the NMR data of 7 were similar to those of hypersampsonone C, 11 indicating that 7 is also a homoadamantane derivative with an unique tetrahydrofuro [3,4-b] furan moiety. Extensive comparison of NMR data of 7 with those of hypersampsonone C revealed that the geranyl attached to C-5 in hypersampsonone C was replaced by an isogeranyl in 7. The constitution structure of 7 was also conrmed by 2D-NMR spectroscopy. The relative conguration of 7 was assigned to be the same as that of hypersampsonone C by comparison of its 1D NMR and ROESY data with those of hypersampsonone C. Thus, the structure of 7 was deduced completely as showed in Fig. 1 and was named isohypersampsonone C.
Compound 8 was isolated as amorphous powder. Its molecular formula was determined by its 13 Furthermore, these NMR data showed high degrees of similarity to those of hyperisampsin O, 12 which suggested that 8 is also a homoadamantane PPAP with an 1,2-dioxepane functionality. In comparison with those of hyperisampsin O indicated that 8 possessed an isogeranyl at C-5 instead of a geranyl at C-5 in hyperisampsin O. In the ROESY spectrum of 8, NOE correlations between H-33/H 3 -35, H-18/H-33 and H 3 -37/H-33 implied that both H-18 and H-33 were a-oriented. Therefore, compound 8 was assigned as depicted in Fig. 1 Fig. 2-4) . The absolute stereochemistry of 1-9 were assigned by CD analysis. Nine new isolates were elucidated to possess adamantyl and homoadamantyl skeleton with an isogeranyl group. Considering the isogeranyl group away from the chromophoric system, the absolute conguration of C-23 has an insignicant effect on the CD spectrum. 13 Thus, the absolute congurations of compounds 1-9 except C-23 can be determined by comparison of their CD curves with those of known compounds. Compounds 1 (adamantane type) and 3-9 (homoadamantyl type) displayed the negative Cotton effect around 330 nm, indicating 1R conguration based on the CD benchmark summarized by Zhang et al. 10 Furthermore, the ECD spectra of 1, 3 and 5-8 matched well those of known compounds hyperisampsin G, 10 hypersampsonone G, 11 hypersampsonone B,
11
hypersampsonone C 11 and hyperisampsins O 12 respectively, in which the main differences in their structure are that the former have an isogeranyl group attached to C-5 position, while the latter have a geranyl group. Hence, the absolute conguration of 1 and 3-9 was assigned as depicted in Fig. 1 . The absolute conguration of C-1 for most of naturally occurring adamantyl and homoadamantyl PPAPs appeared as 1R, which showed the negative CE at 333 nm.
10 However, a positive Cotton effect at 325 nm and a negative Cotton effect at 243 and 294 nm were observed in ECD spectrum of 2, which was the opposite to those of hyperisampsin C.
10 Consequently, the absolute conguration of 2 was established as depicted in Fig. 1 20 mM) . Additionally, the NO production inhibitory activity of all isolated compounds on LPS-activated RAW 264.7 cells was also tested. The cell viability was rst conrmed by the CCK-8 method to determine whether the cytotoxicity of the tested compounds resulted in the inhibition of NO production. Compounds 8 and 12 also exhibited NO production inhibitory effect with IC 50 values 18.24 and 12.50 mM respectively, while did not obviously affect cell viability up to 20 mM and the others compounds had no inhibitory activity (IC 50 > 20 mM).
Materials and methods
General experimental procedures
Optical rotations were determined in MeOH on an Autopol IV polarimeter (Rudolph Research Analytical, Hackettstown, NJ, USA). UV spectra were obtained on a UH5300 UV-VIS Double Beam spectrophotometer (Hitachi Co., Tokyo, Japan). ECD spectra were recorded on a Chirascan Plus spectrometer (Applied Photophysics Ltd, London, England 
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Counting Kit (CCK-8) was purchased from Beyotime Biotechnology (shanghai, China 
Plant material
The fruits of G. multiora were purchased from Nanning, Guangxi Zhuang Autonomous Region, P. R. China and identied by Prof. Hongli Teng, Guangxi Zhuang medicine international hospital. The voucher specimen (2014091201) was deposited in the herbarium of School of Pharmaceutical Sciences, South Central University for Nationalities.
Extraction and isolation
The dried fruits of G. multiora Champ (5.2 kg) were powdered and extracted with 95% EtOH at room temperature for three times (each time for 24 h) to obtain EtOH extract 2.21 kg, and then successively partitioned with petroleum ether (PE), EtOAc and n-BuOH to get PE extract 125 g, EtOAc extract 166 g, n-BuOH extract 80 g. The PE extract (125 g) was chromatographed on a silica gel column (200-300 mesh) eluted successively with PEacetone gradient (50 : 1, 25 : 1, 10 : 1, 7 : 3, 1 : 1, 0 : 1) to obtain 6 fractions (Fr. Isohypersampsonone C (7) 
Cytotoxicity assay
Cytotoxicity was measured by the CCK-8 method. 16 In short, 5 Â 10 3 three human tumor cell lines (SGC-7901, HepG2, HCT-116)
per well (in 100 mL of culture medium) were seeded in 96-well plates. Cells were incubated with ve concentrations (20 mM, 10 mM, 5 mM, 2.5 mM and 1.25 mM) of each compound in triplicate at 37 C for 24 h, and cisplatin was used as a positive control.
Then, the cell culture medium was taken out and 100 mL cell culture medium containing 10% CCK-8 solution was added to per well for 1 h. The absorbance values of each well at 450 nm were measured using a microplate spectrophotometer. The IC 50 values were calculated by the Logit method. 
NO production measurement and cell viability assay
The Griess reaction 18 was used to measure both the accumulation of nitrite in the culture supernatants and the NO synthase 
Conclusions
The phytochemical study of the fruits of G. multiora led to the isolation of nine new caged PPAPs, including adamantane type PPAPs (1-2), and homoadamantane type PPAPs (3) (4) (5) (6) (7) (8) (9) . A new epimeric pair of isohypersampsonone B (5) and epiisohypersampsonone B (6) with an unusual hexahydrofuro [2,3-b] furan-diepoxy ring system were not separated due to the rapid equilibration between the two isomeric forms. 
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